Personal monitoring is a more accurate measure of individual exposure to airborne constituents because it incorporates human activity patterns and collects actual breathing zone samples to which subjects are exposed. Two recent studies conducted by our laboratory offer perspective on occupational exposure to environmental tobacco smoke (ETS) from a personal exposure standpoint. In a study of nearly 1600 workers, levels of ETS were lower than or comparable to those in earlier studies. Limits on smoking in designated areas also acted to reduce overall exposure of workers. In facilities where smoking is permitted, ETS exposures are 10 to 20 times greater than in facilities in which smoking is banned. Service workers were exposed to higher levels of ETS than workers in white-collar occupations. For the narrower occupational category of waiters, waitresses, and bartenders, a second study in one urban location indicated that ETS levels to which wait staff are exposed are not considerably different from those exposure levels of subjects in the larger study who work in environments in which smoking is unrestricted. Bartenders were exposed to higher ETS levels, but there is a distinction between bartenders working in smaller facilities and those working in multiroom restaurant bars, with the former exposed to higher levels of ETS than the latter. In addition, ETS levels encountered by these more highly exposed workers are lower that those estimated by the Occupational Safety and Health Administration. Concomitant area monitoring in the smaller study suggests that area samples can only be used to estimate individual personal exposure to within an order of magnitude or greater.
Personal monitoring is the most accurate approach for determining direct exposure to airborne environmental contaminants because it incorporates complex human activity patterns into the exposure assessment. Although a number of studies have sought to determine occupational exposure to environmental tobacco smoke (ETS) through personal monitoring measurements in the United States (1) (2) (3) (4) (5) , the scope of those studies has been limited, either because of the narrow geographic distribution of the study subject base or the relatively short duration (small fraction of a normal work shift) over which the samples were acquired. This article presents the overall results of two personal exposure assessment studies conducted by the author to determine ETS in occupational settings, one across broad occupational categories for a geographically dispersed subject population (6) , and another in a more restricted population of what are believed to be more highly exposed workers, restaurant and tavern servers (7) .
Experimental Study 1-The 16-Cities Study
Experimental protocols for this study are described in detail elsewhere (6) . Briefly, approximately 100 nonsmoking subjects were recruited, mostly by random telephoning or marketing research databases, from each of 16 urban areas scattered through the four primary census regions of the 48 contiguous United States. Sampling equipment is described in detail in Ogden et al. (8) . Briefly, it consisted of a sound insulated sampling pump (approximately 8 .5 x 6.5 x 4.25, weighing approximately 3.5 lb) attached to a clip-on sampling head. The pump and supporting electronics were enclosed in a plastic housing with shoulder straps, and participants were instructed to wear the pump with the strap over the right shoulder and the pump resting on the left hip. The sampling head contained both particle and vapor phase ETS marker collection devices, and was designed to be worn in a person's breathing zone, i.e., clipped onto a shirt collar, lapel, or pump shoulder strap, with the openings to the collection points on the sampling head within 25 cm of the subject's mouth.
Each subject wore one sampling system while at their workplace (approximately 8-9 hr) and a second collection system while away from work. The away-fromwork designation included home, commuting, shopping, dining, etc. Both particulate and vapor phase samples were acquired, as well as beginning and ending saliva samples for cotinine analysis. The latter were employed to confirm the nonsmoking status of the subjects. Vapor phase samples were collected on XAD-4 cartridges (SKC, Inc., Eighty-Four, PA) at a rate of approximately. 0.7 liters/min. Constituents determined in the vapor samples included nicotine and 3-ethenyl pyridine . Nicotine is an alkaloid, relatively tobacco specific, that is present almost exclusively in the vapor phase of ETS. 3-EP is a pyrolysis product of nicotine and has been used as a marker of ETS vapor phase in several studies because it is less absorptive on surfaces than nicotine.
Particulate phase samples were collected on fluoropore membrane filters at a flow rate of approximately 1.7 Table 3 are compiled data from subjects in workplaces where smoking was permitted in some form and where smoking was observed. Many of the workplaces had smoking restricted to designated areas. On the basis of median ETS constituent levels, service workers encountered the highest levels. The median level of nicotine for the service category is statistically higher than the median levels of all other categories except skilled workers (p < 0.05 for all comparisons). The median level of sol-PM for the service category is statistically higher than the median levels for all other categories except skilled and unskilled workers (p< 0.05 for all comparisons). E ure ofWaiters, Waitresses, and Barteders Because restaurant and tavern workers often are considered to be among the workers most highly exposed to ETS, a separate initial investigation of their exposure to ETS components in one U.S. city was conducted (7, 13) . Table 4 lists the TWA (over the work-shift duration) concentrations of ETS constituents to which the restaurant wait staff and bartenders were exposed. Not surprisingly, bartenders encountered significandy higher levels of ETS than the restaurant wait staff. For example, the median 4-to 9-hr TWA levels of nicotine to which bartending subjects were exposed was 4.45 pg/m3 compared to 1.22 pg/m3 for the wait staff. (This difference is statistically significant, p< 0.001.) An even greater difference was observed between levels of ETS components for bartenders working in bars associated with restaurants (comprising about half the bartender subject population) and those working in single-room bars. Cumulative subject distributions for nicotine levels for bartenders are portrayed in Figure 1 . The data indicate nearly a factor of 10 difference in median levels. This difference was also maintained for the most highly exposed subjects (80th percentile and above).
Median exposures (concentration multiplied by duration) for 
Discussion
The levels of ETS constituents to which the general workplace populations in the 16-Cities Study were exposed were lower than or comparable to those described in previous studies (2) (3) (4) (5) 15 Table 5 , the median potential inhaled quantity of nicotine for restaurant wait staff, bartenders, and U.S. subjects working in unrestricted smoking workplaces is 4.5, 18, and 6.8 pg/day, respectively. These doses are a small fraction of those estimated by Reface and Lowery (17) 10 100
Area FPM concentrations,,ug/m3 The use of various ETS markers has been examined as a result of these investigations (19) . Although earlier studies may have relied on RSP as a marker for ETS, it is clear that in many or most environments, a relatively small fraction of RSP is derived from ETS. There clearly are too many other sources of this common descriptor for all particles of a size of 4 pm Figure 4 . The R2 value is 0.701, which indicates a significant linear relationship. However, it is clear that the level of one component cannot be used to estimate another to more than an order of magnitude. This is also the case with FPM and 3-EP ( Figure 5 ) (R2 = 0.555), the latter being a gas-phase marker less inclined to interact with surfaces in the indoor environment. The range over which FPM varies at a given concentration of nicotine or 3-EP is approximately a factor of 10. One observation is indicative of the complexity of attempting to describe ETS exposures across working environments based on a single marker. On the basis of the data presented in Table 5 It is apparent that some occupational subgroups are exposed to greater levels of ETS than others. In general, workers in the service occupations are exposed to the highest levels. However, even the most highly exposed occupational subgroup in our studies-bartenders working in singleroom facilities-are not exposed to levels as high as those estimated by OSHA. For example, the median nicotine level for bartenders in single-room facilities was 20 pg/m3, compared to OSHA estimates of 50 to 100 )1g/m3. Again, this may be a function of reduced public smoking in the United States.
The data in work presented here appear to confirm the need for personal monitoring if the exposures of subjects are to be accurately determined. Many nonsmoking workers are likely to avoid those areas where ETS is present in substantial quantities. Results of studies of workers who must work in smoking environments (such as restaurants and taverns) indicate that measurement of area levels of ETS components will provide an estimate of their likely individual exposure that is accurate only to within an order of magnitude.
